Tannins affect digestibility to varying degrees depending on tannin type, animal species, and nutrients measured (Nastis and Malechek 1988 , Robbins et al. 1991 , Hanley et al 1992 . Cattle are less adapted to tanniniferous fodders than deer or goats (Kumar and Singh 1984, Robbins et al. 1987a. b) ,particularly because they lack tannin binding proteins in their saliva (Austin et al. 1989 , Mehansho et al. 1992 . The ability to predict the digestibility of tanniniferous feeds for cattle, from chemical analysis, would be useful for rapid screening of potential fodder trees.
Predicting digestibility depends on the identification of feed fractions that consistently affect digestibility, in particular lignification and lignocellulose ratios (Van Soest 1982) . Horvath (198 1) . however, found that lignin accounted for only 52% of the variation in the in vitro cell wall digestibility (IVCWD) of 7 species of maple tree leaves, Browse forages present the additional problem of tannins. Some portion of the tannins in a plant remains in the fiber fractions during analysis. Condensed tannins can contaminate the cell wall (the neutral-detergent fiber), the acid-detergent fiber, and the lignin (Reed 1987 , McArthur 1988 . The insoluble proantboeyanidins present in the cell wall were negatively correlated with cell wall digestibility (Reed 1986 ). Some of the condensed tannins, however, are believed to be solubilized in both the neutral-detergent and acid-detergent reagents (Horvath 1981) .
The aim of this paper is to evaluate the detergent system of fiber
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analysis (Goering and Van Soest 1970, Robertson and Soest 1980) and the original predictive equations to provide an estimate of browse digestibility. Horvath (198 1) developed predictive equations for high tannin maple leaves, based on sequential detergent extractions. This paper also tests whether Horvath's (1981) equations, developed from 1 tree genus, have a broader application to other genera of browse, particularly tropical browse.
Methods
Selection of the species studied was based on farmer recommendations and field observations of browsing range cattle at 2 sites in Guanacaste, Costa Rica. The climate has a strong 6 months wet/6 months dry cycle, with 2-3 weeks dry in the middle of a rainy season. Sixteen species seen browsed at varying frequencies were chosen, and an additional 6 species that were common but rarely observed as browsed by cattle were included on the leaf sampling (Conklin 1987 ; Table 1 ). The total sampling included 15 leguminous species and 7 non-legumes. Individual trees sampled were chosen at random according to standard plant ecology sampling methods (Oosting 1948) by placing line transects up hedgerows or selecting coordinates in forest quadrates on Hacienda La Pacifica, Cafias, Guanacaste. Leaves were harvested according to selective consumption by cattle; some trees possessed very large leaflets and their petioles were avoided by the cattle, those petioles were categorized as twigs, even though botanically they are not twigs.
Trees were sampled throughout the rainy season. All samples were used to test the Van Soest and Horvatb equations, but only those from the end of the rainy season were used for further analysis of tannins using the following methods: condensed tannins or proanthocyanidins were measured by the butanol/HC 1 method described by Bate-Smith (1975) and modified by Porter et al. (1986) , the radial diffusion assay quantified total tannins (Hagerman 1987) . and paper chromatography, as described by Mole and Waterman (1987) using Forestal as the solvent. Both condensed tannins and total tannins were standardized with purified quebracho tannin (Asquith and Butler 1985) and the results reported as quebracho equivalents. Acid-detergent insoluble protein (acid-detergent insoluble nitrogen x 6.25) was determined by performing a Kjeldahl crude protein analysis on the acid-detergent fiber.
Each seasonal sample of a species was a composite from 10 trees, pooled to make 1 sample per period to control for variation of phenolit content within a species (Waterman et al. 1984) and to minimize labor. Twigs of l-cm diameter were collected and all the leaves associated with that pulled off and placed in a plastic bag. The twigs were then cut up and placed into a second plastic bag. The 2 fractions were analyzed separately. This twig sire was selected because the twigs can be chopped by a small stationary chopper (Conklin 1987 ) and consumed with the leaves when fed in a trough to cattle, however twigs are not consumed by free-ranging cattle. All plant samples were dried in a forced-air oven at 55°C and ground through a Wiley Mill and a lmm screen.
The sequential cell wall extractions described by Horvath (1981) and Conklin (1987) were performed: 1 subsample, in duplicate, was extracted in neutral-detergent reagent and the result in residue extracted in acid-detergent reagent, as usual (Robertson and Van Soest 1980) . The resulting residue was referred to as NAD in the following equations. Then a second subsample, also in duplicate, was extracted first in acid-detergent reagent and the resulting residue extracted in neutral-detergent reagent. This resulting residue was referred to as AND in the following equations. Sodium sulfite was not used in the neutral-detergent reagent.
Horvatb found the [acid-detergent fiber (ADF) remaining after preextraction with neutral-detergent] minus [the neutral detergent fiber (NDF) remaining after the pre-extraction with acid-detergent], or NAD minus AND, was the most predictive "tannin" fraction to correct calculated digestibility of tanniniferous browses. Sulfuric acid lignin (Ls) and permanganate lignin (Lk) were both determined on separate sub-samples. The following equations were used to calculate the predicted digestibilities: The calculated digestibilities were regressed against in vitro true digestibility [Tilley and Terry (1963) as modified by C&ring and Van Soest (1970) ] and the correlation coefficients determined (DeltaGraph Inc. 1992) . Neutral-detergent solution was used to dissolve the microbial residue instead of pepsin. The rumen inoculum came from a Holstein cow fed timothy hay. The rumen fluid was blended, under nitrogen gas, and quickly (to prevent cooling) strained through cheese cloth and then glass wool. The tannin levels obtained by the different techniques were correlated against in vitro digestibility as well as each other using DeltaGraph Inc. (1992) . Statview SE + Graphics (1991) was used to calculate t-tests, which are unpaired and two-tailed unless otherwise specified.
Results
Observed in vitro true digestibilities for leaves ranged from 14.8 to 82.0% (Table l) , and for twigs from 18.7 to 44.8% (Table 2) . Calculated (predicted) digestibilities for leaves with low ( ~45%) and intermediate (45-60%) digestibility, were not significantly different from the in vitro digestibilities obtained (t = -1.1, p = 0.26). Species with high (>60%, see lower third of Table 1 ) in vitro digestibility tended to be underestimated by the predicted digestibility, but not significantly (t = 1.9, p = 0.06). Calculated values for digestion of twigs V-Ls = Van Soest equation using sulfuric acid lignin; V-Lk = Van Soest quation using pmnanganatc lignin H-Ls = Horvath quation using sulfuric acid lignin, H-Lk = Horvath quation using pmmanganate lignin Acaciafamesiana and Hemiangium excelsum twigs were not analyzed.
were significantly higher than in vitro digestibility (t = -8.5, p = O.OOOl), indicating that some important deterrent of digestibility was not estimated by any of the methods for calculating the digestibility of twigs.
I used simple linear correlations (Table 3) to compare predicted digestibility and in vitro digestibility of all leaves, and for various categories of species. Results showed that the predicted digestibilities were highly correlated to in vitro digestibilities for leaves, but low for twigs. Additionally, Van Soest's equation using permanganate lignin or Horvath's equation using sulfuric acid lignin were the 2 best predictors of in vitro digestibility (r = 0.89 for both) when tanniniferous and nontannin species were combined. The same Horvath equation predicted the digestibility of the higher tannin species better than the 
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Van Soest equation (r = 0.93 versus 0.84). Lastly, in vitro digestibilities of twigs were predicted especially poorly by equations containing permanganate lignin instead of sulfuric acid lignin. The mean condensed tannins value for the more preferred leaf species was 6.8 * 7.0%, the total tannin or radial diffusion tannins was 3.9 2 4.4%, and the [(acid-detergent fiber remaining after pre-extraction with neutral-detergent) minus (the neutral-detergent fiber remaining after pre-extraction with acid-detergent)] or NAD-AND value was 9.7 f 6.8 (Table 4) . For the generally not preferred leaf species, the condensed tannins value was 3.5 f 4.1%. the radial diffusions tannins value was 7.5 f 11.6%, and the NAD-AND value was 7.8 f 5.2%. These differences between preferred and not preferred, however, were not significant (t = -1.1, p = 0.3). Paper chromatography indicated that only 4 leaf species containing hydrolyzable tannins. These 4 species tended to give higher values for radial diffusion tannins than for condensed tannins (paired r-test, t = -2.3, p = 0.055).
Twigs had a condensed tannins mean of 3.2 f 3.4%, a radial diffision tannins mean of 10.8 f 12.5%, and a NAD-AND mean of 3.3 f 2.5% (Table 5) . Because the radial diffusion tannins value was higher than the condensed tannins value it may indicate that the twigs, taken as a whole, were higher in hydrolyzable tannins than are leaves. However preliminary analysis with paper chromatography did not indicate that hydrolyzable tannins were present in twigs of more than 5 of the 20 species tested (Table 2 ). These 5 species had radial diffusion tannin values significantly higher than condensed tannins (paired ftest, t = -2.3, p = 0.04).
Consistent with the literature, condensed tannins and radial diffision tannins correlated poorly (Table 6 ). The [(acid-detergent fiber remaining after pre-extraction with neutral-detergent) minus (the neutral-detergent fiber remaining after pre-extraction with acid-detergent)] or NAD-AND value theoretically measures tannin but did not correlate to either condensed tannin or radial diffusion measures. Interestingly, there was a slight positive correlation between in vitro digestibility and radial diffusion tannins. The acid-detergent insoluble protein, thought to perhaps include tannin-bound protein, correlated poorly to condensed tannins, radial diffusion tamtins and the NAD-AND values but was strongly negative with in vitro digestibility. Twigs showed several anomalies, in particular permanganate lignin was correlated slightly positively to in vitro digestibility. When ranking the tree leaves, as done by Conklin et al. 1991 , while the rankings were moved around some, the top 11 species remained in the top 11 (Table 7) regardless of how digestibility was determined. Only Cnjanus cajun drops into the bottom 11 according to the Van Soest permanganate lignin equation and Enterolobium cyclocatpum drops according to the Horvath sulfuric acid lignin equation.
Tamarindus btdica Tabebuia ochracea Mangifera indica * ____________________________________________~____________________(%) _----_____ __ _~~~~~~________~~~~~~~~~~ ------___--_-------_-_------

Discussion
The Van Soest summative equations predicted in vitro true digestibility of the tropical leaves in this study better than they predicted the in vitro digestibility of 7 species of maple leaves (Horvath 1981 ). Horvath's permanganate lignin summative equations gave higher correlations for the maple leaves he studied (r = .964). The Horvath sulfuric acid lignin equation best predicted digestibility of the high tannin leaves in this study (r = 0.931). It was not expected that equations developed for temperate berbaceous forage (Van Soest's equations) or for 1 genus of temperate browse (Horvath's equation) would fit the in vitro digestibility of these tropical browses so well.
The condensed tannin levels in preferred leaves were comparable to mature leaves (6.9 f 7.2%) and young leaves (7.6 f 9.4%) eaten by Presbytis monkeys in India (Oates et al. 1980) . Folivores in Cameroon select condensed tannin percentages ranging from 5.8 f 5.9% to 12.4 f 7.7% condensed tamtins for mature and young leaves respectively, while Ugandan folivores consume 2.4 f 4.2% to 3.3 f 3.9% condensed tannins for matue and young leaves respectively . The condensed tannin values in this Costa Rican study fall
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401 into the range apparently accepted by folivores.
An increase of oak tannin, a hydrolyzable tannin, content in the diet of goats from 0 to 8.9% decreased the in vitro digestibility by 5.7 percentage units (Nastis and Malechek 1988) , a small but significant drop. In this study there was a slightly positive correlation between radial diffusion tannins and in vitro digestibility. This is the opposite of what one would expect based on the goat work, assuming the high radial diffusion values may be associated with hydrolyzable tannins in these leaves. The fate of hydrolyzable tannins in the detergent system has not been examined.
The digestibility of the twigs is not predicted by these equations. In this study even the fiber content of these low elevation, tropical twigs did not predict in vitro digestibility well. The predicted digestibility was always higher than the in vitro digestibility, suggesting that the digestibility of cell solubles was being adversely affected in the in vitro digestion. According to Waterman et al. (1983) , afro-montane twigs are lower in total phenolics and higher in fiber than leaves, and the digestibility of the stems was influenced strongly by fiber. Temperate twigs have also been reported to contain low tannins (Robbins et al. 1987b) . Zucker (1983) speculated that hydrolyzable tannins might more adversely affect rumen microbes than do condensed tannins, but considered as a group, these twigs did not appear to be high in hydrolyzable tannins. Them is an unidentified deterrent to digestibility in these twig species that was not detected by current analytical methods. The in vitro digestibility of 8 out of 22 of the leaves tested, including 3 of the species possibly containing hydrolyzable tannins in the leaves, gave in vitro digestibilities averaging 70.7%, a fairly high digestibility.
The validity of comparing predicted digestibility to in vitro digestibility instead of in vivo digestibility is an important consideration. Oak tannins decrease in vivo cell soluble digestibility even in goats, generally considered to be the domestic animal best adapted to tannin (Nastis and MaIechek 1988) . Comparing in vivo digestibility of oak browse in goats to in vitro digestibility, Nastis and Malechek (1988) found that in vitro digestibility poorly predicted in vivo. In vitro true digestibility procedures, which uses neutral-detergent extraction after the fermentation, did consistently overestimate in vivo digestibility, by about 19% for ah 5 diets tested. They used the TilleyTerry (1963) enzymatic procedure, which estimated 10% higher for the diet without tannin but with increasing oak tannin in the diet, dropped until it intercepted in vivo digestibility. Therefore it was not predictive over the 5 different tannin levels. Thus, while in vitro digestibility was a poor predictor of actual digestibility, because in vitro true digestibility paralleled in vivo digestibility, the in vitro true digestibility procedure may still be a convenient method for at least ranking tanniniferous forages. In vivo digestibility trials need to be performed to test this further.
There is a possibility that the drying temperatnre of 55°C caused the formation of some artifact lignin. However, these samples were collected during the very humid rainy season in Costa Rica where mold becomes a substantial problem if drying proceeds too slowly. Given the limited storage facilities available and the length of the field season, thorough drying was necessary. In vivo digestibility trials on fresh browse leaves are needed to confirm the results reported here. Methodological problems exist in measuring a tannin fraction that consistently affects digestion. Many tannin assay methods yield numbers that correlate poorly with each other (Bate-Smith 1977 , Martin and Martin 1982 , Mole and Waterman 1987 .Biochemical measures of tannins have been used successfully to predict protein digestibility in deer (Robbins et al. 1987a , Hanley et al. 1992 ), but different biochemical methods may not be interchangeable in the equations.
The rapid and inexpensive evaluation of potential fodder trees without feeding trials would be extremely useful in countries that have limited facilities for in vitro or in vivo trials. The detergent system of fiber analysis allows investigators to evaluate browse species using standard fiber methodology in general survey work. While in vivo trials can not be replaced if one is interested in more accurate digestibility values, the calculated digestibility equations are offered as an initial screening procedure. These detergent system procedures, however, would not work for wild herbivores that are adapted to tanniniferous forages. For those herbivores Robbins et al. (1987a.b) found that the cell solubles, especially protein, digestibility was more affected by tannins than was the cell wall digestibility. Tannin-binding salivary proteins apparently prevents the reduction in cell wall digestibility frequently seen in vivo in sheep and in vitro in cattle with added tannin.
Conclusions
Based on the findings of these studies and the fact that this study considers only cattle, it is concluded that comparisons of predicted digestibilities using summative equations should be adequate. in preliminary screening of browse. Specifically, for rapid screening of low to medium tannin browse, either Van Soest equation should be used. For screening browses suspected or known to contain tannins, the Horvath sulfuric acid lignin equation should be used.
